A series of achiral hockey stick-shaped mesogens forming tilted smectic liquid crystal phases of synclinic SmC-as well as anticlinic SmC a -type was prepared and characterized. While all homologues exhibit both phases, the balance shifts from anticlinic to synclinic order upon 10 elongation of the terminal chain at the meta (m) position, defining the hockey stick shape. The elongation also leads to an increased kinetic hindrance of the transition between syn-and anticlinic phases and a decreased transition enthalpy. These observations indicate that a well-defined kink (short m-substituted chain) promotes the anticlinic structure while a higher flexibility between kinked and rod-shape (long m-substituted chain) promotes synclinic order. An intermediate chain-15 length homologue was selected as host material for doping with syn-and anticlinic rod-shaped chiral dopants, respectively, at varying concentrations. Opposite of what might be expected the balance between syn-and anticlinic order was not simply dictated by the choice of dopant. Instead both types of tilting order prevailed with roughly the same strength as in the achiral host regardless of which chiral material was added, up to concentrations well beyond normal doping conditions.
Introduction
Chirality in liquid crystal phases and its relation to the structure of the constituent mesogenic molecules is a topic of 30 considerable interest in liquid crystal research. An intriguing example is given by bent-core molecules that are themselves achiral, yet build up chiral smectic (layered) phases 1 . This is in contrast to the case of standard rod-like calamitic molecules whose phase chirality requires molecular chirality. A recently 35 introduced new design concept is to work with an intermediate shape: hockey stick-shaped molecules 2, 3 . These are non-straight molecules with two terminal chains, one of which is attached in meta-position to the three-or four-ring calamitic core. Depending on the length of the terminal chains 40 and on the type and direction of the linking groups between the aromatic rings, conventional nematic, SmA and SmC phases can be observed, but also the loss of liquid crystalline behaviour 2, 4 . It is a current matter of discussion if achiral mesogens of this type can form chiral phases on their own or 45 not 2, 5 .
For achiral dialkyloxy substituted hockey stick compounds with a COO and CH=N linking group between the phenyl rings, Das et al. 3 reported the interesting phase sequence SmC -SmC a . Both these phases are smectic with the molecules 50 tilted a certain angle θ away from the layer normal, but the tilt is in the same direction in adjacent SmC layers (synclinic tilting order), whereas it alternates in direction between layers of the SmC a phase (anticlinic order). Symmetry requires that the transition between the phases be first order (there is no 55 transition state possible where both phases become identical). The SmC a phase is relatively rare, and the sequence SmCSmC a very much so, for mesogens having no asymmetric carbon atom 6 . Hockey stick-shaped achiral mesogens seem to be unusually capable of generating such a phase sequence, as 60 confirmed by two other research groups. Jones et al. 7 found a sequence SmA -SmC -SmC a for a siloxane substituted hockey-stick-shaped compound and Yu et al. 2 reported a SmC -SmC a transition for a hockey stick mesogen containing four aromatic rings. Very recently, Yu and Yu presented a series of 65 hockey stick mesogens containing C=C linking groups 8 .
The purpose of the present study was to investigate the balance between syn-and anticlinicity in tilted smectic phases of achiral hockey-stick mesogens as a function of the length of the shape-defining m-substituted terminal chain, as well as 70 upon doping with chiral mesogens of ordinary calamitic type. Two homologous series of achiral hockey stick-shaped compounds were investigated, and one member was selected as host for chiral doping experiments. All members of both achiral series exhibit the SmC as well as the SmC a phase, 75 whereas the two calamitic chiral dopants exhibit, in addition to SmA, only a synclinic SmC* and only an anticlinic SmC a * phase, respectively. (The star signifies molecular chirality.) Chiral doping is an important strategy for achieving useful liquid crystalline materials but the properties of the resulting mixture can be difficult to predict 9 , the present study 5 constituting no exception. An important property of chiral tilted smectic phases is that they show a spontaneous polarisation P s in the smectic layers because of their reduced symmetry, rendering them switchable by an electric field 10 . By means of electrooptical methods this 10 spontaneous polarisation as well as the optical tilt angle θ can be measured, so another aspect of the work was to study θ and the magnitude of the polarization, P s , both of which are the order parameters of the tilted phase, in the mixtures as a function of chiral dopant concentration. Due to the 15 spontaneous polarisation a chiral synclinic SmC* phase can be rendered ferroelectric, whereas the chiral anticlinic SmC a * phase is antiferroelectric, the alternating tilt direction implying an alternating P s modulation. This difference is often used to experimentally distinguish between the two structures 20 using either dielectric spectroscopy or studying the current response during switching 11 . This possibility is not available in case of achiral SmC and SmC a phases, since they lack a spontaneous polarisation, and it can therefore be challenging to experimentally verify with certainty whether an achiral 25 tilted smectic phase is syn-or anticlinic. While texture investigations in many cases can reveal the clinicity, they do not always give conclusive evidence. The method of establishing the phase diagram in mixtures with chiral synand anticlinic reference compounds, as described in the 30 present paper, can be a useful alternative tool in such cases.
Results and Discussion

Achiral hockey stick mesogens
The aim of the synthetic work was to find achiral compounds exhibiting thermodynamically stable SmC -SmC a phases at 35 temperatures not much higher than 100 °C and with a sufficiently broad temperature range for experimental investigations. To realize this we have enlarged the mesogenic aromatic core of three-ring compounds by insertion of a carbon-carbon double bond resulting in esters of the cinnamic 40 acid, see scheme 1:
Scheme 1 General formula of the new hockey stick mesogens m/n (the abbreviation m/n results from the length of the two alkyloxy chains; m = 10, 12; n = 6-12, 16).
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The new compounds have been prepared by condensation of 4-formylphenyl 4-n-alkyloxycinnamates with corresponding 3-n-alkyloxyanilines by refluxing in ethanol together with a catalytic amount of acetic acid. As an example the experimental procedure to prepare compound 12/8 is given 50 together with analytical data in the experimental section.
The phase sequences of the compounds m/n were determined by differential scanning calorimetry (DSC), polarising optical microscopy investigations and X-ray measurements. The results are presented graphically in fig. 1 55 as a function of temperature and length n of the meta-attached alkyloxy chain. The transition temperatures and enthalpies are summarized in table 1. Characteristic polarising optical microscopy textures are shown in fig. 2 , exemplified by compound 10/9 which was 70 used as the host for the mixtures. Between ordinary glass plates, the substance had a strong tendency to align in a nonuniform way, resulting in an inconclusive texture. However, by coating the glass plates with a surfactant (cetyl trimethyl ammonium bromide; CTAB) before placing the liquid crystal 75 upon it, a standard homeotropic alignment over the whole sample could be achieved, allowing a first classification of the phases. Using cells in which the substrates had been coated with rubbed polyimide or nylon a relatively uniform planar 20 alignment could be ensured. In this case the SmA and SmC phases showed typical fan-shaped textures ( fig. 2d ,e), the transition between the phases inducing a change in colour reflecting an increase in birefringence in SmC, as well as some splitting up into domains with opposite tilt directions.
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Moreover, the texture is no longer uniform in color, a result of the director adopting a lightly twisted geometry in some domains in the SmC phase, the degree of twist varying across the sample surface. The SmC-SmC a phase transition following upon further cooling was quite striking: high-contrast stripes 30 quickly developed parallel to the smectic layers together with a drastic colour change ( fig. 2f ). The latter is the result of the strong decrease in birefringence that is the consequence of the rearrangement to an anticlinic structure 13 .
It should be mentioned that in both homologuous series 35 10/n and 12/n the relative temperature ranges of SmC and SmC a , as well as the behaviour of the SmC -SmC a clinicity transition, is clearly dependent on the length n of the chain attached to the meta position of the terminal phenyl ring. To rationalize these observations we point out that a lengthening 40 of this chain can be expected to change the effective molecule shape from kinked to linear: a short chain essentially expresses the shape defined by the m-substitution whereas a longer chain is more flexible, allowing it to line up with the molecular long axis. Such chain length-dependent effective 45 molecule shape in a liquid crystal phase has previously been identified for the case of mesogens with chains of varying length attached laterally to the core 14 . Looking now at fig. 1 we first note that the clinicity transition takes place deeper in the temperature range of tilted smectic order the longer the m-50 substituted alkyloxy chain, favoring SmC at the cost of SmC a . This suggests that a well-defined kinked molecule shape (short chain) could promote anticlinic order, whereas the more rod-like shape allowed by a longer m-substituted chain would promote synclinic order. These observations are well in line 55 with earlier observations of the balance between syn-and anticlinic order depending sensitively on the steric interlayer interactions, strongly influenced by the effective shape of the molecule 15 .
Moroever, whereas the transition between the two tilted 60 phases was close to immediate throughout the sample in the short-chain members, the transition process was extended over a certain temperature range (2-3 K), with different areas transitioning at different times, in the longer homologues (n = 12, 16). The hysteresis between heating and cooling 65 experiments was also more pronounced the longer the msubstituted alkyloxy chain. To give an example the hysteresis of the SmC a -SmC transition observed by optical studies (the transition could not be resolved in DSC due to the small transition enthalpy) amounts to about 1 K for compound 10/6 70 whereas it is about 5 K for the long-chain derivative 10/12. Obviously, the transition is more strongly kinetically hindered, resulting in an increased degree of supercooling/-heating, as the chain length is extended. To some extent this may be due to the larger tilt at the clinicity transition in the 75 long-chain homologues (a result of the clinicity transition occurring at lower temperature, cf. fig. 4b ), effectively rendering the structural difference between syn-and anticlinic states greater, i.e. the phase transition requires a more extensive molecular rearrangement. The larger size of the mesogens should further enhance this effect and it also leads to an increased viscosity that may increase hysteresis effects 5 additionally. On the other hand, the fact that the SmC -SmC a transition enthalpy (table 1) of the n = 11, 12, 16 homologues of both series is immeasurably small shows that the thermodynamic driving force for the clinicity transition is very weak in these long homologues. The increased flexibility 10 of the chain obviously renders the molecule compatible with syn-as well as anticlinic structure, hence supercooling/-heating effects can well be expected. In fig. 1 one can also recognize a clear alternation tendency of the clinicity transition temperature in dependence of the 15 number of carbon atoms in the meta-positioned chain in both series. Interestingly, it is the even-numbered alkyloxy chain members that exhibit the peaks of the alternation curve. These are the members in which the hockey stick shape is the most pronounced, hence this alternation effect again emphasizes the 20 importance of the meta-substituted hydrocarbon chain in defining the molecule shape.
X-ray diffraction measurements on a surface-aligned sample of compound 10/10 using an area detector prove the formation of three liquid crystalline phases with layer 25 structure on cooling. The patterns immediately below the clearing temperature ( fig. 3a,d) show a 90° angle between the sharp small-angle maxima for the layer reflections (on the meridian of the pattern) and those of the outer diffuse scattering (on the equator). This is the typical pattern of a 30 SmA phase, in which the average orientation of the main principal molecule symmetry axis is perpendicular to the layers. The layer spacing, which in SmA normally is somewhat smaller than the effective molecule length 16 , amounts to 39.9 Å. Depending on the orientation of the 35 terminal chains the molecule length can vary quite substantially (an effect of the meta-substituted alkyloxy chain), from about 34 to 43 Å (cf. fig. S1 in the ESI). The relatively large value of the layer spacing in comparison with the possible molecule lengths suggests that the most 40 commonly adopted conformation is the one with the slightly weaker hockey stick shape. At about 99 °C, the pattern changes, the two maxima of the outer diffuse scattering rotating out from the equator by about 14° indicating a structure with synclinically tilted molecules 45 (SmC, fig. 3b,e) . This angle increases with decreasing T to about 18° at 90°C ( fig. 4b and table 1 in the ESI) . In accordance with the temperature dependence of the molecule tilt, the layer spacing shrinks suddenly as a result of the SmA -SmC transition at 99°C and then decreases continuously to 50 37.2 Å at 90 °C ( fig. 4a and table 1 in the ESI) . At about 89°C, the pattern changes once more, now exhibiting broader halos for the outer diffuse scattering centred about the equator ( fig. 3c,f) . Their azimuthal distribution around the primary beam spot in the 2D pattern (χ distribution) may be fitted by 55 four Gaussian curves, the four maxima yielding a tilt angle of about 19°. This pattern is in line with an anticlinic tilt of the molecules in adjacent layers (SmC a ), although it in itself is no absolute proof of this arrangement, since a synclinic structure with equally distributed domains of opposite tilt (e.g. in a 60 sample rotationally disordered about an axis) would give the same picture. Taking the results of the other experiments into account, we can however safely conclude that the phase is SmC a . There seems to be no significant leap in the values of the tilt angle at the SmC -SmC a transition. On further 65 cooling, the tilt angle in the SmC a phase saturates at about 20°, the corresponding layer spacing being 36.8 Å (fig. 4a,b and table 1 in the ESI). 
Phase sequences of chirally doped mixtures
As the next step we studied the phase sequences of binary 5 mixtures of the host compound 10/9 with syn-or anticlinic chiral dopants (compounds M1 and M2 in scheme 2). For this purpose four different methods were used: DSC, texture observations in a polarising microscope, current response measurements (yielding the magnitude of the spontaneous 10 polarisation) and in some cases also dielectric spectroscopy. For comparison, the pure dopants were also investigated with the same methods and experimental setups, even though they have been described earlier in literature 17 .
By compiling the results from these four methods the phase 15 diagram in fig. 5 could be established. It shows the phase sequence on heating of the pure host in the middle and those of mixtures with increasing synclinic and anticlinic doping to the left and right, respectively. For some mixtures, on the synas well as on the anticlinic side, the temperature of the SmA*- 20 SmC* transition detected through current response studies was somewhat higher than the transition temperature found in other ways. This can be explained by the first-order nature of the tilting transition in these mixtures. In contrast to the second-order transition case, a first order SmA*-SmC* 25 transition can be induced by an electric field at temperatures above the zero-field transition temperature 18 . In our case, the applied field required to obtain the current response of the samples was apparently sufficient to observe this phenomenon, resulting in polarisation current peaks at 30 temperatures where the sample in the absence of fields is in the SmA* phase. Consequently, an increased apparent transition temperature was detected. Because the pure host shows a first and the pure dopants second order transitions one would expect a decreasing 35 tendency towards field-induced SmC* phase with increasing dopant concentration. On the other hand, at low dopant concentrations the spontaneous polarisation is very small (see fig. 7 ) so that this effect in these cases could only be expected at very high electric field strengths, much higher than those 40 applied in the current response measurements. Together these two opposing effects lead to the observation of the fieldinduced SmA*-SmC* transition at intermediate dopant concentrations and so explain the deviations in transition temperatures in this region of the phase diagram. 45 From the phase diagram it is clear that the addition of either chiral mesogen leads to a nonlinear depression of the melting point with respect to either component, while the clearing point follows an essentially linear curve connecting the clearing points of the two components (nearly constant for 50 synclinic, continuously increasing from pure host to pure M2 for anticlinic). These effects lead to a broader temperature range of the mesophases in the intermediate composition regimes. In both cases the temperature range of the untilted SmA phase also grows quite much, a phenomenon known 55 from literature (see for example 16 and references therein), and it seems that even with dopant M1 it is actually more favoured than the synclinic SmC* phase despite the dopant being of synclinic type. We also note that no intermediate smectic-Ctype phases (SmC β * and SmC γ * 16 ) appear in the phase 60 diagram, as is sometimes the case when there is frustration between syn-and anticlinicity 19 .
Focusing now on the left side of the phase diagram, we see that the synclinic doping initially does not substantially change the balance in the phase sequence. Up to around 20 65 mol% M1 only a slight increase of the SmC a * temperature range is seen, a result of a melting point depression of ~5 K. With increasing amount of dopant this melting point depression reaches its maximum between 50 and 70 mol% M1, yielding a melting point of ~ 45°C to be compared with 70 80°C in pure 10/9 and 54°C in pure M1. Unexpectedly, considering the clinicity of the dopant, the growth of the mesophase temperature regime leads to a further increase of the anticlinic SmC a * phase range and not of that of the synclinic SmC* phase. Instead the latter phase keeps its 75 temperature range of about 10 K, a depression of the SmC a *-SmC*-transition with increasing amount of compound M1 being followed by a depression of the SmA*-SmC* transition of equal magnitude until about 70 mol% M1. In this part of the phase diagram the SmA* phase thus grows and already at 80 70 mol% the same temperature for the tilting transition as in pure M1 is found. Beyond this point, also the synclinic phase range finally grows at the expense of the anticlinic phase which disappears only at around 90 mol% M1. The anticlinic mixing, shown on the right side of the phase diagram, causes a phase behaviour more similar to what might initially be expected: the synclinic phase gradually becomes smaller and disappears between 50 and 60 mol% M2, thus also showing a quite high stability upon addition of the 10 anticlinic compound, although not as much as the anticlinic phase on the other side. Summarizing the observations with the two different dopants, we conclude that the influence on the clinicity balance of the type of dopant is surprisingly small. If one disregards the expansion downwards of the 15 SmC a * phase, which primarily is a result of the mixinginduced melting point suppression rather than an indication of enhanced tendency for anticlinic order, the balance between syn-and anticlinic order of the host compound is largely maintained up to about 40-50% dopant, the anticlinic phase 20 being only slightly favoured.
Dielectric spectroscopy measurements 11 were consistent with the results from other techniques, cf. the example of the 35% M2 mixture in fig. 6 . For the weakly doped mixtures the results were however not very conclusive since P s was so 25 small that molecular fluctuation processes, rather than the more discriminative collective ones 11 , dominated the spectra.
The mixture study shows that, although the temperature ranges of the syn-and anticlinic phases, respectively, of the achiral hockey stick host compound 10/9 are very similar, this 30 compound has a somewhat stronger tendency to form the anticlinic than the synclinic tilted phase, further enhanced when mixing by a suppression of the melting point. Considering the scarcity of achiral materials forming the anticlinic SmC a phase this suggests that hockey stick-shaped 35 compounds of this type are interesting as components in mixtures where a broad temperature range, low-polarisation and long-pitch SmC a * phase is desired, e. g. for antiferroelectric LCDs. 
Order parameters of the chirally doped mixtures
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In the electrooptic studies the order parameters of the tilted phases, the magnitude of the spontaneous polarisation P s and the optical tilt angle θ (the latter only for a few mixtures), were determined, cf. fig. 7 . Both pure dopants M1 and M2 have P s and θ values, respectively, in the same order of 50 magnitude (29°, 115 nCcm -2 and 25°, 88 nCcm -2 , at a temperature of 15 K below the SmA*-SmC* and SmA*-SmC a * transition, respectively). Because the host compound 10/9 is achiral its spontaneous polarisation is zero, rendering a reliable measurement of the tilt angle experimentally difficult.
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Nevertheless, even without this value it seems that the tilt angle at a certain reduced temperature (i. e. distance from the tilting transition) in our mixtures is more or less independent of the composition for both syn-and anticlinic mixing, cf. fig.  7 . We also note that the optically obtained values for the tilt 5 angle are similar to those obtained by x-ray diffraction for the 10/10 hockey stick homologue (cf. fig. 4 ). In this way a polarisation power of 150 nCcm -2 for the synclinic compound M1 and of 134 nCcm -2 for anticlinic compound M2 was found, cf. fig. 8 , even though due to the small number of data points this can be taken only as a rough 30 estimation.
Conclusions
In the balance between syn-and anticlinic smectic order in hockey stick mesogens, the anticlinic structure is favored by a well-defined kinked molecule shape, achieved when the meta- X-ray investigations were performed on a small droplet of 25 the sample on a glass plate aligned upon slow cooling at the sample-glass or at the sample-air interface. The sample was held on a temperature-controlled heating stage, which partially shadows the patterns below the equator. The diffraction patterns were recorded with a 2D detector (HI-30 STAR, Siemens) using Ni-filtered CuK α radiation. Dielectric spectroscopy measurements were carried out using an HP 4192 A bridge on 23.5 µm planar-aligned samples.
